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scriptions, they are prepared by Drs. Sydney E. Salmon and Robert W. Schrier,
Assistant Professors of Medicine, under the direction of Dr. Lloyd H. Smith, Jr.,
Professor of Medicine and Chairman of the Department of Medicine. Requests
for reprints should be sent to the Department of Medicine, University of Cali-
fornia, San Francisco, San Francisco, Ca. 94122.

DR. SMITH:* We are very fortunate to have Dr.
Seymour Levin with us today to discuss the man-
ifestations and treatment of acromegaly.
DR. LEVIN:t It has been 85 years since Marie's1
description of acromegaly and 45 years since
Davidoff's2 detailed review of the clinical find-
ings in 100 patients seen at the Peter Bent Brig-
ham Hospital from 1913 to 1926. Davidoff's
study remains one of the most valuable analyses
of the disease though published in an age in
which treatment of this condition was just be-
ginning. I would like to review with you some
of our clinical findings and compare them with
those of Davidoff. In addition, I will discuss
metabolic studies in 50 patients before and after
cryohypophysectomy, the major form of treat-
ment now used at the University of California,
San Francisco.
Acromegaly is a disease which is the result of

the chronic effects of excessive pituitary growth
hormone (somatotropin) secreted during adult
life. It is of interest that the Davidoff studies,
and collaborative surgical and pathological stud-
ies with Harvey Cushing, were done at the same
time growth-producing properties of the pitui-
tary were being discovered at this-school by

Lloyd H. Smith, Jr., M.D., Professor and Chairman, )epartment
of Medicine.
tSeymour R. Levin, M.D., Assistant Research Physician, Metabolic

Research Unit.

Evans and Long.3 Table 1 compares the clinical
data in Davidoff's patients with those in our se-
ries. The sex distribution and age are surpris-
ingly similar. The shorter duration of symptoms
in our patients is probably the result of earlier
detection today.

Symptoms
The symptoms reported in the two series are

shown in Table 2, arranged according to the time
sequence of appearance. The earliest symptoms
are of a nonspecific nature. Cosmetic changes
are often apparent to others, but not to the pa-
tient until later. The more frequent occurrence
of sexual dysfunction in the Davidoff series, as
compared with our study, is probably related to
longer duration of the disease in their patients.

Paresthesias are an early symptom and may
result initially from metabolic effects of growth
hormone upon the nerves4 rather than from an
entrapment of the median nerve (carpal tunnel
syndrome) which occurs later in the illness. Fig-
ure 1 shows a patient at 25 years of age. At
that time she noted some"'tingling of her hands,
but did not see a physician. Her features, how-
ever, were suggestive of very early acromegaly.
Over the years she experienced fatigue; but it
wasn't until six months ago, at the age of 46
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TABLE 1.-Clinical Review ot Acromegaly
Davidoff (1926) Present Study (1971)

Number of
Patients ...... 100 ........ 50

Sex ...... . 44% M, 56% F .... 50% M, 50% F
Mean Age ..... Slightly over

40 years .... . 42 (21 -65) years
Duration of
Symptoms ..... About 15 years . 9.6 years

TABLE 2.-Symptoms in Acromegaly
Davidoff (1926) Present (1971)

Earliest
Fatigue or Lethargy . .. 42%.82%
Paresthesias ..... .. 30% ......... 62%
Amenorrhea .......... 73% of females ..32% of females
Headache ............ 87%.64%

Later
Excessive Perspiration 60% ......... 88%
Weight Gain.39% ......... 76%
Photophobia .......... 12% ......... 46%
Acral Enlargement.100% .96%
Voice Change ......... ?
Decreased Libido. 38% ......... 27%

Late
Joint Pain .......... 76%
Cardiac Symptoms ..... ? ......... 12%

TABLE 3.-Signs in Acromegaly
Davidoff (1926) Present (1971)

Acral Changes ............. 100% ......... 96%
The Warm, Moist, Fleshy,
Handshake .............. ? .... 96%

Hypertension .............. ? ......... 23%
Goiter ............... 25%.18%
Lactation ............... 4% ......... 8%

Dermal Changes
Fibromata Mollusca ......... 27% ..........38%
Acanthosis Nigricans ........ . ......... 26%

(Figure 1), that her headache became so severe
that she sought help, and the diagnosis of acro-
megaly was made. Besides cosmetic deformity,
she was found to have suprasellar extension of
the pituitary tumor, glucose intolerance, early
heart failure, lactation, and hypertrophic arth-
ritis. Earlier detection and treatment might have
avoided this extreme progression of the disease.

I)J
Figure 1.-Patient at age 25 with very early symp-

toms, and at age 46 with late symptoms and signs of
acromegaly.

Physical Signs
The physical signs of acromegaly were quite

similar in the two series (Table 3). However,
Davidoff did not mention the warm, moist, fleshy
handshake, reflecting hypermetabolism and in-
creased soft tissue mass, which we consider so
characteristic of acromegaly.

Lactation was present in two males and two
postmenopausal females in our series. Lactation
may occur in many types of pituitary disorders.5
It is often not noted by the patient and requires
proper examination by the physician to extrude
some milk. A gentle, para-areolar pressure is
followed by a symmetrical, firm rolling move-
ment of the nipple with the sides of the thumbs
(Figure 2). Large tumors which have been pres-
ent for a long time appear most likely to be as-
sociated with the presence of lactation. Inhibi-
tion of prolactin inhibitory factor (PiF) in the
hypophyseal stalk is probably responsible for
lactation in patients with pituitary tumors. Re-
duced secretion of PIF iS thought to allow for
the release of pituitary prolactin and subsequent
lactation. In addition, growth hormone itself
may have some lactogenic effects.6,7
Of the skin changes, acanthosis nigricans has

been of interest to us, since we have seen it in
six of our last 23 patients. Microscopic skin fold-
ing and increased pigment produce a dark, car-
pet-like texture to the skin in the axillae (Figure
3). It may provide an important clue to the ex-
istence of acromegaly, as well as other pituitary
tumors.8 Controversy exists as to whether in acro-
megaly the lesion should be called "pseudo"-
acanthosis nigricans, a condition which occurs in
areas of excessive sweating and pressure and is
identical histologically with true acanthosis ni-
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Figur'e 2.-Demonstration of galactorrhea by gen-
tle extrusion of milk, using a rolling motion with the
thumbs.

gricans. We have, however, seen this skin lesion
in patients with acromegaly who were not sweat-
ing excessively and did not have thickened skin.

Radiological Signs
Davidoff2 reported radiographic demonstration

of an enlarged sella turcica in 93 percent of his
patients', while we have seen this condition in 90
percent of our patients. This finding is often ac-
companied by enlarged frontal sinuses, hyperos-
tosis frontalis, and enlarged mandible (Figure
4). Most of these changes are the result of re-
modeling of bone due to proliferative changes
in cartilage.

Soft tissue thickening of the hands and an en-
larged sesamoid bone (Figure 4) are frequently
present. An increased sesamoid index,9 that is,
greatest longitudinal diameter times greatest
horizontal diameter of the thumb sesamoid bone
(upper limit of normal is 29 mm), is probably
not as reliable a sign as is the heel pad thickness.
Steinbach'0 reported eight years ago that the
best radiological sign is a thickened heel pad.
This is the shortest vertical distance from the
calcaneus to the volar surface of the foot (Fig-
ure 4). Ninety-eight percent of our patients
have heel pad thickness over 22 mm, which is
considered the upper limits of normal.

All of our patients had pneumoencephalogra-
phy (PEG) to delineate the upper limits of the
pituitary gland. A recently appreciated radio-
logical finding is the "empty sella syndrome""1",12
which was seen with the PEG in 8 percent of our
patients. This condition represents an abnormal
extension of the subarachnoid space downward
into the sella, so that air introduced during the

Figure 3.-Acanthosis nigricans in a patient with
acromegaly.

PEG extends into this space (Figure 5). Thus,
the sella is not really empty, but is occupied by
the pituitary gland and subarachnoid space.
Many conditions, including perfectly normal en-
docrine states may be associated with an "empty
sella."''3 The incidence of subarachnoid space
observed extending into the sella radiologically
in our series is less than that seen anatomically
in a random autopsied population;'4 thus this
finding has no specificity for acromegaly.

Laboratory Studies
While physical symptoms and signs and ra-

diological findings are helpful, the definitive
diagnosis of acromegaly is best made in the
laboratory. The finding of an increased level
of the fasting human growth hormone (HGH),
which is not suppressible by glucose,'5 is the
most definitive means of diagnosing acromegaly.
We therefore measure HGH both after fasting and
one hour after 100 gm of oral glucose. Acro-
megalic patients have HGH which is usually above
10 mMtg per ml and does not suppress after glu-
cose. In 20 percent of our patients a rise in HGH
was seen after oral glucose. Non-acromegalic
subjects, especially premenopausal women, may
have elevations of HGH above the normal value
of 5 m/ug per ml with stress, prolonged fasting,
anxiety or exercise; but one hour after 'ingestion
of 100 grams of glucose, HGH decreases to less
than 1 m/-tg per ml. The elevation of fasting
HGH and its non-suppressibility by glucose may
result from the secretion of excessive hypothala-
mic growth hormone releasing factor (GHRF),
although this factor has not yet been measured
directly.'6
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Figure 4.- Radiological signs in acromegaly. Left, skull, showing enlarged seila
and frontal sinuses, hyperostosis frontalis interna, and enlarged mandible. Center,
hand, with enlarged sesamoid bone and increased soft tissue shadows. Right, thick-
ened heel pad, white line showing the distance measured.

The diurnal pattern of HGH secretion in normal
subjects and in acromegalic patients is strikingly
different.17-20 Normally, morning values are less
than 5 m/ig per ml in the recumbent, fasting
state, and there is an early fall after meals. Three
to four hours after meals there may often be a
small rise in HGH (3 to 8 m,ig per ml) in ambu-
latory subjects. At night, 45 to 90 minutes after
falling asleep, normal subjects have a consider-
able rise in HGH which is often as high as 10 to
35 mjug per ml. The peak level occurs when the
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Figure 5. - Pneumoencephalogram showing an
"empty sella" in a patient with acromegaly. White
arrows show air anterior and posterior to the pitu-
itary gland.

electroencephalogram ( zG) sleep pattern is as-
sociated with nonrapid eye movements, and this
level of HGH can be altered by changing sleep
cycles.21
In contrast to normal subjects, the acromegalic

patient has high HGH levels which do not vary
consistently with meals or sleep. This chronic,
nonrhythmic secretion of high levels of HGH re-
sults in the physical and metabolic changes char-
acteristic of acromegaly.
The metabolic effects of HGH may occur only

when the structure of the hormone is altered to
form "sulfation factor".22'23 This factor, when
exposed to rachitic rat cartilage in vitro, will in-
crease the uptake of radioactive sulfur, thymi-
dine,24 and proline25 by the tissues, thereby re-
flecting growth of cartilage. Unaltered HGH
instilled directly into the cartilage preparation
in vitro will not cause increased sulfur uptake.

In addition to measuring HGH after a glucose
load, the glucose tolerance test and serum im-
munoreactive insulin provide excellent means of
following the patient's acromegalic status with
relationship to the effect on carbohydrate me-
tabolism. Preoperatively, we have observed hy-
perinsulinism in 66 percent of our patients in the
presence or absence of an abnormal glucose tol-
erance test. An effect of HGH as a peripheral
insulin antagonist has been suggested and re-
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lated to increased lipolysis and free fatty acid
oxidation subsequently interfering with glyco-
lytic pathways.23 28'°7'28 Although direct insu-
linotropic actions of HGH have not been demon-
strated in vitro, effects on insulin secretion may
be involved in hyperinsulinism observed in acro-
megaly. When HGH levels are reduced, most
patients have a concomitant improvement in
glucose tolerance and lowering of insulin levels.

Assessment of adrenal and thyroid function
should be undertaken in the acromegalic patient.
To test adrenal function the metyrapone29 and
insulin hypoglycemia tests30 31 are useful. Thy-
roid function is evaluated using the total thyrox-
ine levels, T3 uptake, and radioactive iodine
uptake. In most instances, thyroid and adrenal
function are found to be normal in acromegaly.

Recently, in collaboration with Drs. A. Charro
and S. Friedman, we have measured gonadotro-
pin levels using radioimmune assays for lutein-
izing hormone (LH) and follicular stimulating
hormone (FSH). Using clomiphene citrate, an
inhibitor of estrogen activity which results in
stimulation of hypothalamic releasing factors
and subsequent pituitary gonadotropin secretion,
we have studied LH and FSH in acromegaly.32 It
had been thought formerly that in acromegaly
gonadotropin secretion was deficient as a result
of tumor expansion. Yet, in ten of twelve male
patients with acromegaly and decreased libido
the basal levels of LH and FSH were normal, and
these levels increased normally during clomi-
phene administration. However, basal testoster-
one levels were low and response to increased
endogenous gonadotropins was impaired. Thus,
the gonadal testosterone response to gonadotro-
pins, but not the gonadotropin levels, is reduced
in acromegaly. The mechanism for this low tes-
ticular output of testosterone is unknown but
may relate to an atypical structure of LH or FSH
or both; or it is due to interference by HGHl of
testicular biosynthetic or secretory processes.

Occasionally other endocrine diseases are
found with acromegaly. In our series of 50, we
have seen four patients with thyroid nodules,
two patients with hyperparathyroidism and one
patient with Graves' disease.

Therapy
A recent mortality study of 194 patients by

Wright et al33 showed that after 45 years of age
the annual death rate in patients with acro-

TABLE 4.-Acromegaly Treatment Used Today

1. Irradiation
a) Conventional Radiotherapy (34, 35, 36)
b) Implants: Yttrium90, gold'98 (37)
c) Heavy particle; proton beam; alpha particle (38,

39)
2. Surgical

a) Craniotomy (40)
b) Transsphenoidal, direct vision (41)
c) Stereotaxic

1) Cryosurgery (42, 43,44)
2) Radiofrequency (45)
3) Ultrasonic (46)

3. Medical
a) Medroxyprogesterone (47, 48)
b) Chlorpromazine (49)

megaly was two to three times greater than in
the normal population. Furthermore, the mor-
tality rate was even greater in those patients
with clinical diabetes. The most frequent causes
of death were related to cardiovascular, cerebro-
vascular and respiratory diseases. The mortality
rate in patients who had received some forms of
treatment for acromegaly was less, thus docu-
menting the need for treatment of this chronic
disease.
The various forms of treatment are shown in

Table 4 with accompanying references.34-49 The
treatment used at the University of California,
San Francisco, is cryohypophysectomy. Reduc-
tion in HGH levels is observed within a few days
after cryosurgical treatment, whereas after radia-
tion months or years may pass before low levels
are attained. Metabolic responses to cryohy-
pophysectomy are seen within a few weeks after
operation.50 Of the surgical approaches, the
stereotaxic (that is, use of radiological guidance
in performing the procedure) methods avoid cra-
niotomy and extensive manipulation of brain tis-
sue.

Experience with medroxyprogesterone as a
medical means of reducing HGH has provided
interesting new possibilities, but results have
varied. The efficacy of chlorpromazine, an in-
hibitor of HGH responses in normal men (prob-
ably by acting upon hypothalamic pathways),
remains to be evaluated in acromegaly.

Transsphenoidal cryohypophysectomy, as per-
formed by Drs. John Adams and Robert Seymour
of the University of California, San Francisco,
Department of Neurosurgery, consists of the pas-
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Figure 6.-Diagram of transsphenoidal surgical
approach to pituitary gland with the cryohypophy-
sectomy probe.

sage of a probe through the sphenoid sinus into
the sella turcica (Figure 6) with subsequent
placement of lesions in the pituitary by cold in-
jury. This is done with lateral image intensifier
and anterior-posterior polaroid x-ray guidance.
Local anesthesia is used so that vision and eye
movements can be evaluated throughout the pro-
cedure. Biopsy material also can be obtained
through the probe. Pronounced suprasellar ex-
tension, as observed on pneumoencephalography,
is a relative contra-indication to this forin of sur-
gical treatment, since cold injury might be con-
ducted to the optic nerve.

Eighty-two percent of our 50 patients have
been followed at least one year after operation.
Drs. Nathan Becker, Fred Hofeldt and Victor
Schneider collaborated in the evaluation of these
patients who were in hospital at the General
Clinical Research Center. Several endocrine and
metabolic abnormalities may occur after treat-
ment. During the first postoperative week there
are alterations in water balance which are often
predictable as to time and are triphasic in se-
quence. A diabetes insipidus syndrome occurred
in one-third of our patients within the first 48
postoperative hours. This usually subsided; then
during the fourth to sixth postoperative days
hyponatremia occurred in one-fifth of the pa-
tients.5' This condition is associated with a posi-

tive water balance and is best treated by water
restriction. The concentration of sodium in the
urine may be normal or high, and the syndrome
appears to be primnarily related to an inappro-
priate secretion of antidiuretic hormone (ADH).
In two of the 50 patients a clinical picture of
diabetes insipidus, which could be treated with
chlorpropamide,62 occurred on the eighth to
tenth postoperative day. Thus, a triphasic se-
quence of altered water balance (consisting of
an early ADH deficiency syndrome, then excessive
release of ADH, and finally the late appearance of
ADH deficiency) may occur after pituitary opera-
tion.53 We have never observed all three phases
to occur in the same patient. These changes
have been described in humans after head in-
juries54 and stalk sections53 and in experimental
animals after hypophysectomy.55
Other short and long term complications of

cryohypophysectomy for acromegaly are seen in
Table 5. Of interest is the fact that the proce-
dure appears to reduce the release of HGH with-
out causing hypopituitarism in the majority (88
percent) of patients.

Beneficial effects may be observed as early as
the first postoperative week, when the patient
notes less bulk in hand and facial tissues. During
the ensuing weeks and years many symptoms
subside in association with the reduced level of
HGH. We have considered optimal response to
be a fall in HGH level to less than 10 m,ug per ml.
We have correlated the extent of HGH changes
with improvement of symptoms (Table 6). Most
symptoms are improved to a greater degree in
patients whose HGH levels decrease to less than
10 mrug per ml after treatment. Improvement in
some symptoms, such as fatigue, headache and
arthralgias, could not, however, be correlated
with the level of HGH. Reversal of cosmetic al-
terations can be expected to occur only in those
cases which are diagnosed and treated early in
the course of the disease. Although soft tissue
enlargement can be reduced, bony and cartilag-
inous changes show only minimal improvement.
The mean fasting UGH before cryosurgical op-

eration in our 50 patients was 52 m/ug per ml.
Postoperatively, at most recent follow-up exam-
inations (eight patients at six weeks, 17 patients
at one year, 11 patients at two years, 11 patients
at three years, three patients at four years), the
mean fasting HGlI was 16.8 m,ug per ml. The ma-
jority of patients (76 percent) have postoperative
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TABLE 5.-Complications of Cryohypophysectomy
Incidence/Total Patients

First 10 postoperative days
Diabetes insipidus ...... .... 10/50
Hyponatremia .......... 5/26 Transient
Optic problems ......./i..... 9/5
CSF rhinorrhea ....... ..... 3/50
Meningitis .......... ...... 2/50 (D. pneumonia)
Deaths .................. None

Late postoperative period (over 6 weeks)
Adrenal insufficiency ........ 6/50
Hypothyroidism ........ 5/50
Diabetes Insipidus ...... .... 2/50

*7 patients with paralysis of extraocular muscles, 2 patients with visual
field defects.

TABLE 6.-Relationship of Alteration of Symptoms
to Postoperative Growth Hormone Level*

Postoperative HGH (mjug/ml)

<10 m,ug/ml > 10 m,g/ml
Acral Changes ............ 33%
Excessive Perspiration ...... ........ 58%
Decreased Libido .33%.............. 0%
Amenorrhea .............. 29%. 0%
Photophobia .............. 31% .0%
Fatigue ............... 33% .33%
Headaches .............. 50% .55%
Arthralgias .............. 56% .55%
*Values indicates percentage of patients with particular symptom
that improved following cryohypophysectomy.

HGH less than 10 mjug per ml. Before operation
44 percent of the patients had an abnormal oral
glucose tolerance test, while 8 percent had overt
clinical diabetes. At our recent follow-up exam-
ination after operation only 28 percent of the
patients had an abnormal glucose tolerance test,
but all 8 percent still had overt clinical diabetes,
although milder than it was preoperatively. The
incidence of hyperinsulinemia was reduced in
most patients as well.56

In summary, the classical appearance of a pa-
tient with far-advanced acromegaly makes the
diagnosis easy. The challenge to physicians, how-
ever, is to detect and treat the disease before
cosmetic, metabolic, and vascular changes are
far advanced. Using a practical and precise
method of measuring HGH before and after a
glucose load allows such early detection of the
disease.
Cryohypophysectomy is a form of treatment

which alters the metabolic derangements in acro-
megaly, often without interfering with other pi-
tuitary functions.57 At present this procedure
appears to be a rapid, safe, and effective means
of lowering HGH levels and thereby improving
or preventing many of the clinical and metabolic
disorders observed in acromegaly.

REFERENCES
1. Marie P: Sur deux cas d'acromegalie: hypertrophie singuliere non

congenitale des extremites superieures, inferieures et cephalique, Rev.
de med., Par 6, 297-333, 1886

2. Davidoff LM: Studies in acromegaly. II. Historical note. Endo-
crinology 10:453-483, 1926

3. Evans HM. Long JA: The effect of the anterior lobe of the hy-
pophysis administered intraperitoneally upon growth, and the maturity
and oestrus cycles of the rat. Anat Rec 21:62-63, 1921

4. Evans HM, Briggs JH, Dixon JS: In The pituitary gland. Harris
GW, Donovan BT (eds) p 467, Butterworths 1966

5. Young, RL, Bradley EM, Goldzieher JW, et al: Spectrum of non-
puerperal galactorrhea: Report of two cases evolving through the vari-
ous syndromes. J Clin Endocr Metab 27:461-466, Apr 1967

6. Lyons WR, Johnson RE, Cole RD, et al: Mammary growth hor-
mone, Nature anid Actions, Smith RW, Gaebler OH, Long GNH (eds),
Henry Ford Hospital 1955, 461-472

7. Li CH: Chemistry of lactogenic hormones, Proc Ciba Foundation
Symposium, May 11, 1971 p 8 (abst)

8. Brown J, Winklemann RK. Randall RV: Acanthosis nigricans
and pituitary tumors: Report of 8 cases. JAMA 198:619-623, Nov 7,
1966

9. Kleinberg DL, Young JS, Kupperman HS: The sesamoid index-
An aid in the diagnosis of acromegaly. Ann Int Med 64:1075-1078,
May 1966

10. Steinbach HL, Russell W: Measurement of the heel-pad as an
aid to the diagnosis of acromegaly. Radiology 82:418-422, Mar 1970

11. Zatz LM, Janon EA, Newton TH: The enlarged sella and the
intrasellar cistern. Radiology 92:1085-1091, Nov 1969

12. Lee WM, Adams JE: The empty sella syndrome. J Neurosurg
28:351-356, Apr 1968

13 Caplan RH: Endocrine studies in patients with the "empty sella
syndrome '. Arch Intern Med 123:611-619, Jun 1969

14. Bergland RM, Ray BS, Torack RM: Anatomical variations in the
pituitary gland and adjacent structures in 224 human autopsy cases. J
Neurosurg 28:93-99, Feb 1968

15. EarlI JM, Sparks LL, Forsham PH: Glucose suppression of serum
growth hormone in the diagnosis of acromegaly. JAMA 201:628-630,
Aug 21, 1967

16. Hagen TC, Lawrence AM, Kirsteins L: In vitro release of mon-
key pituitary growth hormone by acromegalic plasma. J Clin Endocr
33:448-451, Sep 1971

17. Pallotta JA, Kennedy PJ: Response of plasma insulin and growth
hormone to carbohydrate and protein feeding. Metabolism 17:901-908,
Oct 1968

18. Lundbaeck K, Christensen NJ, Jensen VA, et al: Diabetes, dia-
betic angiopathy and growth hormone. Lancet 2:131-133, Jul 18, 1970

19. Hunter WM, Friend JAR, Strong JA: The diurnal pattern of
plasma growth hormone concentration in adults. J Endocrin 34:139-
146, Feb 1966

20. Daughaday WH: Growth hormone assay in acromegaly, gigan-
tism, dwarfism and hypopituitarism. Postgrad Med 46:84-91, Nov 1969

21. Sassun JF, Parker DC, Mace JW, et al: Human growth hormone
release: Relation to slow-wave sleep and sleep-walking cycles. Science
65:513-515, Aug 1, 1969

22. Bala RM, Ferguson KA, Beck JC: Plasma biological and im-
muno-reactive huinan growth hormone-like activity. Endocrinology 87:
506-516, Sep 1970

23. Daughaday WH, Kipnis DM: The growth promoting and anti-
insulin action of somatotropin. Recent Progress Hormone Research, 22:
49-99, 1966

24. Daughaday WH, Reeder C: Synchronous activation of DNA
synthesis in hypophysectomized rat cartilage by growth hormone. J Lab
Clin Med, 68:357-368, Sep 1966

25. Daughaday WH, Moriz IK: Conversion of proline-U-CU4 to la-
beled hydroxyproline by rat cartilage ;n vitro: Effects of hypophysec-
tomy, growth normone, and cortisol. J Lab Clin Med, 59:741-752, May
1962

26. Randle PJ, Garland PB, Hales CN- Interactions of metabolism
and the physiologic role of insulin. Recent Progress Hormone Research,
22:1-48, 1966

27. Aron PL, Rabinowitz D, Zierler KL: Acromegaly--hot or cold?
Some clinical and metabolic observations. J Chronic Dis, 19:799-810,
1966

28. Chattopadhyay DP, Akerblom HK, Martin JM: In vitro metab-
olism of glucose by adipose tissue from rats bearing a growth hormone
secreting tumor (MtTW15). Diabetes 18:387-391, Jun 1969

29. Liddle GW, Estep HL, Kendall JW, et al: Clinical application
of a new test of pituitary reserve. J Clin End & Metab 19:875-894,
Aug 1959

CALIFORNIA MEDICINE 63
The Western Journal of Medicine



30. Greenwood FC, Landon J, Stamp TCB: Plasma sugar, free fatty
acid, cortisol, growth hormone response to insulin. I. In control sub-
jects. J Clin Invest 45:429-436, Mar 1966

31. Landon J, Greenwood FC, Stamp TCB, et al: The plasma sugar,
free fatty acid, cortisol, and growth hormone response to insulin and
the comparison of this procedure with other tests of pituitary and adre-
nal function. II. In patients with hypothalamic or pituitary dysfunc-
tion or anorexia nervosa. J Clin Invest 45:437-443, Mar 1966

32. Charro AL, Prizant M, Levin S, et al: Clomiphene in the evalu-
ation of the pituitary-gonadal axis in acromegaly: Prog VII Panam
Congr Endocr, Sao Paulo, Brazil, Aug 16-21, 1970

33. Wright AD, Hill DM, Lowy C, et al: Mortality in acromegaly.
Quart J Med 39:1-16, Jan 1970

34. Roth J, Gordon P, Brace K: Efficacy of conventional pituitary
irradiation in acromegaly. New Engi J Med 282:1385-1391, Jun 18,
1970

35. Lawrence AM, Pinsky SM, Golfine ID: Conventional radiation
therapy in acromegaly. Arch Int Med 128:369-377, Sep 1971

36. Kozak GP, Vagnucci Al, Lauler DP, et al: Acromegaly pre-and
postpituitary irradiation. Metabolism 15:290-303, Apr 1966

37. Forrest APM, Thomas JP, Richards SH, et al: Radioactive im-
plants of the pituitary for endocrine disease. Proc Royal Soc Med 63:
616-618, Jun 1970

38. Lawrence JH, Tobias CA, Linfoot JA, et al: Successful treatment
of acromegaly: Metabolic and clinical studies in 145 patients. J Clin
Endocr Metab 31: 180-198, Aug 1970

39. Dawson DM, Dingman JF: Hazards of proton beam pituitary
irradiation. New Engl J Med 282:1434, Jun 18, 1970

40. Ray BS, Horwith M, Mantalen C: Surgical hypophysectomy as
a treatment for acromegaly. Clinical Endrocrinology, E B Astwood,
C E Cassidy (eds) Vol IT, pp 93-102, Grune & Stratton, 1968

41. Hardy J: Transphenoidal microsurgery of the normal and patho-
logical pituitary. Clin Neurosurg 16:185-217, 1969, Chpt 10

42. Rand RW: Cryosurgery of the pituitary in acromegaly: Reduced
growth hormone levels following hypophysectomy in 13 cases. Ann
Surgery 164:587-592, Oct 1966

43. Adams JE, Seymour RJ, Earll JM, et al: Transsphenoidal cryo-
hypophysectomy in acromegaly: Clinical and endocrinologic evaluation.
J Neurosurg 28:100-104, Jan 1968

44. Maddy JA, Winternitz WW, Norrel H, et al: Acromegaly:
Treatment by cryoablation. Ann Int Med 71:497-505, Sep 1969

45. Zervas NT- Stereotaxic radiofrequency surgery of the normal and
the abnormal pituitary gland. New Engl J Med 280:420-437, Feb 20,
1969

46. Arslan M: Ultrasonic selective hypophysectomy. Proc Roy Soc
Med 61:7-13, Jan 1968

47. Lawrence AM, Kirsteins L: Progestins in the medical manage-
ment of active acromegaly. J Clin Endocr Metab 30:646-652, May 1970

48. Malarkey WB, Daughaday WH: Variable response of plasma
GH in acromegalic patients treated with medroxyprogesterone acetate.
J Clin Endocrinol 33:424-431, Sep 1971

49. Kolodny HD, Sherman L, Singh A, et al: Acromegaly treated
with chlorpromazine. New Engl J Med 284:819-822, Apr 15, 1971

50. Levin S, Schneider V, Rubin, et al: Rapid metabolic responses
and lasting effects of cryohypophysectomy for acromegaly. Clin Res
20:178, Feb 1972

51. Levin SR, Becker N, Seymour RJ, et al- Hyponatremia following
cryohypophyscctomy for acromegaly. Prog End Society p 179 (Abst
#286) Jun 1970

52. Ettinger B, Forsham PH: Mechanism of chlorpropamide anti-
diuresis in aiabetes insipidus. J Clin Endocrinol 31:552-555, Nov 1970

53. Timmons RL, Dugger GS: Water and salt metabolism following
pituitary stalk section Neurology 18:790-800, Aug 1969

54. Walker AE: The acute head injury: A multidisciplinary prob-
lem. Neurologia Medico-Chirurgica 9:7-20, 1967

55. Hollinshead WH: Interphase of diabetes insipidus. Proc Mayo
Clinic Staff Mtgs 39:92-100, Feb 1964

56. Levin SR, Becker N Hofeldt FD: Relation of carbohydrate in-
tolerance to the results of cryohypophysectomy in acromegaly. Proc
Endocrine Soc, Jun 1971, p A157 (Abstract #229)

57. Becker N, Levin SR, Adams JE, et al: Intactness of the hypo-
thalamic-pituitary adrenal (HPA) axis after transsphenoidal cryo-
hypophysectomy for acromegaly. Prog End Soc p 148 (Abstract #223)
Jun 1970

THE OPHTHALMOLOGIST IN DIABETES
When do you think we as internists should send our diabetic patients to an
ophthalmologist for evaluation?

I think that any patient who shows diabetic retinopathy of any extent should
be sent to an ophthalmologist for complete evaluation of the fundus. If the in-
ternist who is following the patient for the diabetes is not accustomed to dilat-
ing the pupil once in a while for a fairly complete evaluation of the fundus, then
I think that any person who has had diabetes for 10 years or longer, regardless
of whether anything is seen in the fundus, should be sent to an ophthalmologist.
A patient who is developing other complications, other vascular complications
from their diabetes, either nephropathy or neuropathy, deserves a very thor-
ough evaluation of the fundus. I think this is more important today than
ever because we now realize that there is something that can be done for these
people if they are seen early enough. Although we don't understand the exact
mechanism of the pathogenesis, we do know enough about the evolution of the
disease process to know that if it can be blocked at certain stages, the horrors
that we see can sometimes be prevented. So in answer to the question once
again, any patient who shows any degree of diabetic retinopathy should be
evaluated by an ophthalmologist.

-EDWARD OKUN, M.D., St. Louis
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